Accidental electrocution during working activities account for a considerable amount of morbidity and mortality. Workers often misjudge the danger of electric wires or high-tension power cables, thereby exposing themselves to electrocution hazard. This article describes a nonfatal case of injuries by arcing from high-tension power-line cables involving a young farmer who was thrashing an olive tree by means of aluminum ladder. The circumstances surrounding the manner of electrocution and the features of electric injuries are presented and discussed.
T he passage of a substantial electrical current through the human body can cause lesions of variable severity, including death. For biological damage to occur, the body must be incorporated into an electrical circuit, so that there is a passage of electron through the tissue. 1 The intensity and type of current, nature and pattern of contact, and resistance of the affected tissues determine the extension of the injuries. Generally speaking, alternating current is more dangerous than continuous current, and according to the intensity of the voltage, electrical injury may be classified in high tension (91000 V) and low tension (G1000 V). 2Y4 The pattern of contact with an electrically charged source may be classified as direct; as arc in high-voltage electrocutions, the current can jump through air when the body approaches the electrical source closing the circuit, as flash burns by ignition of clothing, for example. 5Y7 The effects of electricity include skin and tissue burns, vascular damage, fractures due to high temperature or tetanic contractures, cataracts, neuropathic changes, and associated trauma (falls). 6, 8, 9 Electrocution as cause of death could be defined as any combination of electric shock, burn injuries caused by arc light, and injuries caused by falls from a height due to electric shock. 10 Suicides and homicides from electricity are rare. 11, 12 Accidental electric fatalities by autoerotic deaths are also reported. 13 Usually, all electric fatalities are accidents, in both domestic and industrial environment. 14Y16 The case here described represents a nonfatal electrocution by arcing of a farmer who was grasping an aluminum ladder to catch olives from a tree that was placed just below a high-tension overhead cable.
CASE REPORT
In the early morning of November 2002, a 25-year-old white man suddenly collapsed, while he was thrashing an olive tree in front of him, using an aluminum pole 2 m long. This is an ancient rural tradition called ''battitura,'' whereby farmers in south Italy thrash the branches of the olive trees with a pole or stick, causing the olives to drop into sheets placed under the trees.
The olive tree was dangerously situated underneath (but at no G6-m distance) a high-voltage power cable ( Fig. 1 ). These cables transmit very high voltages (30,000Y60,000 V), and according to national regulation in Italy, they are built at least 10 m above ground level.
After electrocution, the patient had transient loss of consciousness, falling on the ground below. He had bleeding from the mouth, and he was taken to the emergency room of the local hospital. He developed cardiac arrhythmia with high levels of creatine phosphokinase and creatine kinase, requiring electrical defibrillation. On physical examination, he was found to have ''electrical burns'' with peculiar pits of hands representing points of entry and multiple burns on the soles of feet, representing exit sites ( Fig. 2) . Dental radiography and computed tomographic scan demonstrated fractures of the mandibular symphysis and condyles, along with the left tubercle of the upper jaw, with no evidence of external wounds. Many teeth were injured: There was an avulsion of the first and second incisors of the upper right jaw, the first incisor of the upper left jaw, and the second premolar of the lower right jaw and coronal fractures of the first premolar of the upper right jaw, the second molar of the lower left jaw, and the first premolar of the lower right jaw ( Fig. 3) .
At the moment of electrocution, the worker was wearing shoes that were sold as safety footwear: Inspection revealed characteristic burn defects ( Fig. 4 ) on the sole that corresponded to the electrical burns of the feet.
An electrical engineering consultation was acquired by the society that surveys high-voltage power lines, to establish the manner of the accident. After engineer detailed report, the electrical society assumes its legal responsibility to have built the power cable just up to the olive tree and pay damages of the electrocution to the worker.
DISCUSSION
Accidental electrocution during working activities accounts for a considerable amount of morbidity and mortality and constitutes a problem that persists despite efforts for increasing worker safety.
According to official statistics, in Italy every year nearly 400 people die of occupational electrocution (4%Y5%); that is 30 times more than others workers' fatalities. 17 In accordance with other studies, the highest rates of electrocution death by occupation occurred among electric trades (electricians, apprentices) and utility workers. 18, 19 A review of the international literature reveals few data or case reports specifically addressing the issue of electrocution by arcing, with no direct contact with the wire, especially at so great a distance between the energy source and the victim. 20Y22 Electrocution from high-voltage lines can occur when they are touched by a tall metal object such a ladder, pole, or crane with which a person is in contact. 23, 24 In the case here represented, the farmer was standing vertically below the power lines in front of the olive tree, grasping the aluminum pole. There was a gap of about 6 m from the upper end of the pole to the high-voltage power lines; thus, it was not possible for the victim to come in contact with electric wires. In literature, it has been reported that a sparking gap larger than 50 cm is sufficient to transmit a voltage of about 30,000 to 40,000 V. 20 However, in the reported case, there were behavioral and environmental factors, equally distributed, that can explain the near-fatal accident. First, in high-voltage accidents, it is known that direct contact with the wire is not necessary because when the body is near the voltage lines an electric arc may jump from the lines to the body. 7, 20 The amount of energy released in an electric arc depends on the type of electrical installation and is determined by the following parameters: current, duration of the arc, length of arc, distance from the arc, and source voltage. The distance of the arc is proportional to the voltage: 1000 V can jump through air a few millimeters, 5000 V approximately 1 cm and 100,000 V can arc across 35 cm. 8 Moreover, the resistance opposed by the skin and the air has an important role in electrical conduction. In particular, the humid weather present at the time of the farmer's electrocution, a cloudy and drizzling morning at the end of November, boosted the electric current discharge. Another important environmental factor is the part played by the tree, known to be an excellent energy conductor, which in this case was growing just beneath the cable. This situation allowed the accumulation of energy on every branch, thus representing a potential risk of electrocution in itself.
In addition, there were some behavioral aspects to be considered. The tool used by the victim for thrashing is ideal for the conduction of electric power. Aluminum and graphite, used in staff or pole manufacture, both have superconductor qualities.
After the accident, the farmer was admitted to the emergency room with ''electrical burns'' consisting in peculiar pits on the hands (points of entry) and on the soles of feet (exit sites). He developed cardiac arrhythmia with high levels of creatine phosphokinase and creatine kinase, requiring electrical defibrillation. Dental radiography and computed tomographic scan examination revealed fractures of the mandibular symphysis and condyles, and many teeth were also injured, such as it was the result of violent contact between the upper and lower jaw. It is well known that the current and the related high temperature can produce generalized muscular contraction with fractures. 2 In this case, tetanic contractures associated with oral trauma due to falling down were probably involved in fractures' production.
Furthermore, at the moment of electrocution, the worker was wearing shoes that were sold as safety footwear, and inspection revealed characteristic burn defects on the sole, which corresponded to the electrical burns of the feet. Therefore, the safety shoes did not prove effective. So the current flowing from the metal staff through the hands would probably not have been able to electrocute the farmer if he had been wearing good-quality safety shoes. 25 Finally, the great human error was to work under a tree situated so close beneath the high-voltage power lines. 26 This is commonly a great hazard for workers, especially those in industrial fields, as this is one of the most common reasons for accidents at the workplace in Italy.
Each one of the previously described factors likely contributed to dielectric breakdown and conduction of the current from the high-voltage power lines to the end of the metal staff and then through the farmer's body.
Identification of all behavioral and environmental causative factors may lead to future adjustments in design, to reduce the risk of electrocution in working environments.
